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Investigation

• Motivation : Improved DSE phenomenology for hadron physics

• Self-energy Σ(p,Λ) =

• Parametrize lattice gluon data

• Investigate nature of vertex dressing

• Calculate observables from DSE-lattice model
(Future work)
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Gap equation

• Gap equation
S(p)−1 = Z2(ζ,Λ)iγ · p + Z4(ζ,Λ)m(ζ) + Z1(ζ,Λ)Σ(p,Λ)

• Solution gives the propagator
S(p) =

Z(p)

iγ.p + M(p)

• B.C.: For large spacelike ζ

S−1(p)|p2=ζ2 = iγ.p + m(ζ)

fixes Z2 and Z4

• Landau gauge, Euclidean space
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Rainbow approximation

• gΓµ → gγµ

• g2Dµν(q) → 4παeff (q2)Dfree
µν (q)

• Z1Σ(p) =
∫ Λ

k
4παeff ((p− k)2)Dfree

µν (p − k)λa

2
γµS(k)γν

λa

2

• We ensure for large q2,

4π αeff (q2) −→
4π2γm

ln(q2/Λ2
QCD)

γm = 12/(33 − 2Nf )
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DSE-lattice model

• Parametrised form for lattice gluon
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Full and quenched QCD lattice data for q2D(q2) 
is parametrised using model A.

Leinweber, Skullerud, Williams, Parrinello PRD60
Bowman, Heller, Leinweber, Parapilly, Williams hep-lat/0402032

• Model: 4παeff(q2)

q2
= Dlat(q

2)Γ(q2)

10-2 10-1 100 101 102 103

q2 [GeV 2]

10-3

10-2

10-1

100

101

102

103

104

4π
α ef

f(q
2 )/

q2
Chiral limit (DSE-Lat), (Nf = 3)
mq = 68 MeV (DSE-Lat)

mq = 1 GeV (DSE-Lat)

Maris-Tandy model
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DSE fits and lattice data

• m1 : m2 : m3 : m4 fixed by lattice
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Spectral Properties

• S(p) = −iγ.pσv(p2) + σs(p
2);∆S(T) =

∫

dp4

(2π)
eip4 T σS(p2)

• Eg: σs(p
2) = m

p2+m2 ; ∆S(T) = 1
2
e−mT, +ve definite

• Eg: σs(p
2) =

m

2

[

1

p2 + m2 − iρ2
+

1

p2 + m2 + iρ2

]

∆S(T) not +ve definite

• ∆S(T ) not +ve definite =⇒ No asymptotic state
sufficient for confinement

• |∆S(T)| has cusps =⇒ No free quarks
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Maris-Tandy

PANIC’05 OCT 24 – p.7/10



Spectral Properties

• S(p) = −iγ.pσv(p2) + σs(p
2);∆S(T) =

∫

dp4

(2π)
eip4 T σS(p2)

• Eg: σs(p
2) = m

p2+m2 ; ∆S(T) = 1
2
e−mT, +ve definite

• Eg: σs(p
2) =

m

2

[

1

p2 + m2 − iρ2
+

1

p2 + m2 + iρ2

]

∆S(T) not +ve definite

• ∆S(T ) not +ve definite =⇒ No asymptotic state
sufficient for confinement

• |∆S(T)| has cusps =⇒ No free quarks

0 10 20 30
T [GeV -1]

10-8

10-6

10-4

10-2

100

|∆
S(T

)|

Full QCD
Qu-QCD
1 c.c.
Maris-Tandy

PANIC’05 OCT 24 – p.7/10



Spectral Properties

• S(p) = −iγ.pσv(p2) + σs(p
2);∆S(T) =

∫

dp4

(2π)
eip4 T σS(p2)

• Eg: σs(p
2) = m

p2+m2 ; ∆S(T) = 1
2
e−mT, +ve definite

• Eg: σs(p
2) =

m

2

[

1

p2 + m2 − iρ2
+

1

p2 + m2 + iρ2

]

∆S(T) not +ve definite

• ∆S(T ) not +ve definite =⇒ No asymptotic state
sufficient for confinement

• |∆S(T)| has cusps =⇒ No free quarks

0 10 20 30
T [GeV -1]

10-8

10-6

10-4

10-2

100

|∆
S(T

)|

Full QCD
Qu-QCD
1 c.c.
Maris-Tandy

PANIC’05 OCT 24 – p.7/10



Chiral limit

• Quark condensate at the renormalization point ζ

−〈q̄q〉0ζ = lim
Λ→∞

Z4(ζ,Λ) Nc tr

∫ Λ

q

S0(q)

• Condensate evolved to another scale ζ ′

〈q̄q〉0ζ′ = Zm(ζ ′, ζ)〈q̄q〉0ζ

−〈q̄q〉01 Empirical lattice ch.ex. DSE − lattice

Full− QCD (0.24GeV)3 − (0.23GeV)3

Qu −QCD − (0.27GeV)3 (0.19GeV)3
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Pion properties

• Leptonic decay constant

fπ δij 2Pµ = Z2 tr

∫ Λ

q

τ iγ5γµχ
j
π(q;P)

Full-QCD Qu-QCD

chiral fπ 0.072 0.063
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Summary

• Information on infrared strength of vertex dressing

• Extracted vertex dependence on mq

• DSE-BSE Kernel from full-QCD for meson physics

• More informed chiral extrapolation

• Beyond rainbow-ladder BSE for improved hadron
physics (Future work)

PANIC’05 OCT 24 – p.10/10



Summary

• Information on infrared strength of vertex dressing

• Extracted vertex dependence on mq

• DSE-BSE Kernel from full-QCD for meson physics

• More informed chiral extrapolation

• Beyond rainbow-ladder BSE for improved hadron
physics (Future work)

PANIC’05 OCT 24 – p.10/10


	hspace *{17mm} {Investigation}
	hspace *{17mm} {Gap equation}
	hspace *{17mm} {Rainbow approximation}
	hspace *{17mm} {DSE-lattice model}
	hspace *{17mm} {DSE fits and lattice data}
	hspace *{17mm} {Spectral Properties}
	hspace *{17mm} {Chiral limit}
	hspace *{17mm} {Pion properties}
	hspace *{17mm} {Summary}

